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SUMMARY 

Wind tunnel tests were conducted by Chrysler Corporation Space Division (CCSD) 
under National Aeronautics and Space Administration (NASA) contract NAS 8-4016, 
Item XU b, on two payload shapes for Saturn vehielee. Thio investigation was initiated 
to experimentally determine the local static pressure,  local axial force, and local 
normal force distributions on two payload shapes with cylindrical afterbodies. 

The test program consisted of 115 runs at Mach numbers from 0.60 to 1.46, and 
et anflea of  sttask from lcsro to 10 depgrasss, The teat# w a ~ e  performed during Mareh 
1964, in the Marshall Space Flight Center (MSFC) 14- by 14-inch Trisonic Wind Tunnel 
at Huntsville, Alabama. 

Results of these tests indicate that there are extreme peak values of negative pres-  
s u r e  coefficient associated with the cone-cylinder and frustum-cylinder junctures. 
These loadings may cause crit ical  local load conditions at the junctures to occur in the 
transonic Mach number ranges rather  than at the higher Mach numbers corresponding 
to the maximum flight dynamic pressures.  In addition, the abrupt broadening of these 
peaks with increasing Mach numbers results in rapid increases  in the local loads down- 

t 

stream of the junctures. f i  
, /v?cc/c;rj;”:z 
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I Section 1 - INTRODUCTION 
, 

Chrysler Corporation Space Division (CCSD) performed a wind tunnel investigation 
on three Saturn payload shapes during November 1963. These tes ts  were conducted in 
the Marshall S p a ~  Flight Center (MBFG) 14 - by 14-ineh T r i ~ n i ~  Wind Tunnel at 
Huntsville, Alabama. Test  results were reported in reference 1, and indicated that 
data taken at Mach numbers 1.20 and 1.43 were very erratic.  These difficulties were 

i =  

* 
8 

I 

.. 

. 

. 

thought to have been caused by impingement of reflected shock waves on the models. 
Fallowing the completion of this test and the publication of reference 1, modifiea- 

tions were made to the MSFC facility. These modifications were designed to cor rec t  
the transonic Mach range shock reflection problems. 

A second test was accordingly initiated to accomplish the following objectives: 

a. 

b. 

This test was performed at MSFC in March 1964, but due to the t ime allowed for 
the test only two payload shapes were used. A 15-degree cone-cylinder mode1,and a 
generalized payload shape consisting of a cone-frustum-cylinder model were tested. 

Obtain new data for Mach numbers 1 . 2 0  and 1.43. 

Obtain more extensive subsonic Mach number coverage. I 
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Section 2 - DISCUSSION 

2 . 1  TEST FACILITY AND MODEL CONFIGURATION 

The experimental program was conducted in the MSFC 14- by 14-inch Trisonic 
Wind Tunnel at Huntsville, Alabama. The facility is of the blowdown type and employs 
two test sections to provide a Mach number range from 0.50 to 4.96 .  A complete 
description of the wind tunnel is contained in reference 2. 

as follows: 
The two model configurations utilized in this investigation (figures 1 and 2) a r e  

Configuration A: A comparison model consisting of a cone-cylinder with a 15- 
degree semi-vertex angle. 

Configuration €3: A Model of the generalized payload shape with afterbody. 

The model configurations A and B contained one longitudinal row of 41 and 42 ' 
orifices, respectively, located a s  shown in figures 3 and 4. A complete description 
of the models is contained in reference 1, 

2 . 2  TEST SCOPE AND PROCEDURE 

A complete leak check of each installed model was performed to verify proper 
operation of the system before testing. Al l  orifices were operating satisfactorily 
throughout the test program except as  follows: 

Orifice Number Test  Numbers Condition 

8 133,134,135 Tubing to orifice severed 

10 , 110 Orifice partially res t r ic ted 

14 133,134,135 Tubing to orifice severed 

27 2 11 ,2  12 Tubing to orifice severed 

41 190,191,192 Orifice partially res t r ic ted 

The test  program consisted of 115 runs as shown in table 1. In runs 97 through 
192, configuration B was tested at Mach numbers of 1.20 and 1.43  and angles of attack 
from zero to 10 degrees. To facilitate numerical integration, the local static pres- 
s u r e s  were measured at eight selected roll angles, as follows: 0" (orifices ver t ical) ,  
18"54', 31*59', 62'07 0 l  117"53', 148°010, 161'06' and 180". 

For  runs 193 through 212, configurations A and B were tested in the Mach number 
range of 0.60  to 1.10,  with the angle of attack maintained at zero degrees. No 
Schlieren photographs o r  shadowgraphs were taken, due to tunnel limitations. 

2.3 DATA REDUCTION 

The local static pressures  were measured and recorded by the MSFC scanivalve 
and digital data acquisition system. These raw data were first reduced to pressure 

2-1 
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coefficients and were then numerically integrated to obtain local normal force co- 
efficients. All  pressure coefficients and local normal force coefficients were calcu- 
lated by the MSFC G-15 computer (reference 3). The following formulas define the 
procedure used to reduce the raw data to coefficient form: 4 

0. BTeo8Ure CO@ffiai@XIt@ 

All pressure coefficients were determined by 

b. Local Normal Force Coefficients 

The local normal force coefficients were determined by the Tchebycheff 
method of integration (reference 4) . The differential pressure coefficients 
were first determined through the following relationships: 

AC = C - c  = c  - c  
p1 p(180° - 9, ) P $1 '180" '0' 

. A C  = C  - c  = c  - c  
p2 '( 180' - #2) P p161°06' '18'54' $2 

AC = C  - c  = c  - c  
p3 '( 180' - 4 2  P p148°01' '31"59' 43 

AC = C  - c  = c  - c  
p4 '( 180' - +4) P '117'53' '62'07' 44 

The local normal force was  then determined as follows: 

1 % = - = -  , nD p l A c p l  p2 p3 p4 
+ K A C  + K A C  + K A C  dCN 4D' 

where 

K1 = 0.14285 

K2 = K g  = K  
4 

-0,28571 

2-2 



c. Axial Force 

The local axial force was computed from the equation , 

At  zero degrees angle of attack for an axisymmetric body, 

c = c  = c  = c  = etc., 
'18'54' '31"59 '62'07 ' 

and the equation reduces to 

r c0  X = C P D  tan e 

The total axial force at zero angle of attack was then determined by 

- -  

2.4  TEST RESULTS AND ANALYSIS 

I This test program 'was undertaken to c,ar 

,- m 

Ey local norma force distributions at 
Mach numbers of 1.20 and 1.43, and to determine the magnitude and location of maxi- 
mum loads on the generalized nose shape and afterbody. The data contained in refer- 
ence 1 indicated that maximum loads for the regions aft of the corners  occurred in 
the transonic Mach number range but did not necessarily occur at the point of maxi- 
mum dynamic pressure.  Reference 1 also indicated that the local normal force dis- 
tributions on the cylindrical afterbodies at Mach numbers of 1.20 and 1.43 were ad- 
versely affected by shock reflections, making it necessary to extrapolate the fairing 
at these points. Since the wind tunnel modifications were designed to alleviate some 
of the transonic shock reflection problems, it was necessary to acquire new data for 
the Mach 1.20 and 1.43 cases. 

The resul ts  of this investigation are presented in graphical and tabular form. A 
complete tabulation of the pressure coefficients is contained in table 2. Figures 5 and 
6 present the local pressure coefficient distribution for zero angle of attack. These 
figures indicate that minimum pressure conditions occur in the transonic Mach number 
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‘ range and that an increase in Mach number results in a reduction, but broadening, of 
the peak negative pressure  coefficient. 

In the high subsonic and transonic Mach number range the flow expands along the 
cone to a point at which it becomes supersonic, followed by a rapid recompression 
behind the corners.  For configuration B, the flow returns  to subsonic in the front 
portion of the frustum but is then re-expanded to supersonic at the aft corner. The 
points at which the flow reaches Mach 1.00 a r e  indicated on the applicable graphs. 

The local axial force coefficients a r e  presented in figures 7 and 8. In the sub- 
sonic and transonic Mach number range a negative pressure coefficient is shown for  
certain areas on the aft sections of the cones and at leading and trailing edges of the 
frustum. This negative coefficient should not be misinterpreted ; the only conclusion 
that can be drawn is that the local static pressure is below freestream pressure.  The 
negative pressure  coefficient resul ts  from subsonic flow expanding along the cone up 
to the corner where the flow temporarily becomes supersonic. Figures 9 and 10 
present the total axial force as a function of Mach number for the two configurations. 
Of special interest is the transonic Mach number range of figure 10, where supersonic 
flow is first sustained on the frustum but remains subsonic on the cone. The loadings 
obtained with these conditions result in a dip in the axial force distribution. Also ’ 

indicated is a negative axial force coefficient at M = O .  65. Some doubt should there- 
fore be assigned to the pressure coefficients at this Mach number. 

Mach numbers of 1.20 and 1.43. A s  seen for these particular Mach numbers, and 
by comparison with data from reference 1 (figures l l a  and l l b )  , there  is improve- 
ment in the data. There is, however, still considerable scatter in the data obtained 
near  the base. This can only be attributed to shock reflections and/or  tunnel flow 

Figures 12 and 13 have been included to illustrate possible magnitudes of peak 

1 

Figure 11 presents the local normal force distributions for configuration B at 

1 phenomena. 

I 

panel loading on a launch vehicle structure in flight. In figure 12, peak pressure 
coefficients measured at the juncture of the payload configuration and the cylindrical 
afterbodies were combined with typical values of flight dynamic pressure.  These 
resul ts ,  in  effect, may be interpreted as the bursting pressure  differential (-Cpq) 
acting at the point in question, provided the internal pressure  of the vehicle is 

maximum bursting pressure differential of the generalized payload shape (Configura- 
tion B) with the loads on a 15-degree cone cylinder (Configuration A ) .  Figure 13 
presents  the variation of bursting pressure differential for several  X/D locations on 
Configuration B as a function of Mach number. 

I assumed to be equal to the ambient external pressure.  Figure 12 compares the 
I 
i 

f 
I 

, 

This test program was conducted primarily for the purpose of investigating the 
effects of certain tunnel modifications on previously acquired data. Such data had 
Shown considerable scatter which was believed to be attributable to tunnel shock 
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The following conclusions may be drawn: 

a. There are extreme peak values of negative pressure  coefficient associated 
with the cone-cylinder and frustum-cylinder junctures. A s  a result, cri t ical  
loads may exist over those regions under transonic speed conditions rather  
than at the higher Mach numbers corresponding to maximum flight dynamic 
pressures  . 
The region of negative pressure coefficient behind cone-cylinder and frus- 
trum-cylinder junctures broadens rapidly with increasing Mach number in 
the transonic region. 

b. 

2 . 6  SYMBOLS AND NOMENCLATURE 

cy 

C 
P 

-cpq 

C’ 

C 

X 

X 

D 

D’ 

M 

* M  
C 

m m  

q. 

Q 

a P 

p1 

Angle of attack, degrees 

Roll angle, degrees 

Cone semi-vertex angle, degrees 

Local normal force coefficient 

Gradient of local normal force coefficient 

Pressure  coefficient 

Bursting pressure coefficient 

Local axial force coefficient 

Total axial force coefficient 

Reference diameter, 2 inches model scale 

Local diameter, inches 

Mercury 

Assigned constants ( Tchebycheff’ s constants of integration) 

Freestream Mach number 

Surface Mach number 

Millimeters 

Freestream dynamic pressure,  units as assigned 

Freestream dynamic pressure,  mm hg 

Atmospheric pressure,  mm hg 

Local surface pressure,  mm hg 

2 -5 
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X/D 

1. 

2. 

3. 

4. 
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ci Number 

0.60 0' 
0.65 
0.70 
0.75 
0.80 
0.85 
0.90 
0.95 
1.00 
1.10 

1 

* . 

4 .  1;-6 

0" 19 3 203 3.61 
194 204 3.90 
195 205 4.03 
196 806 4. 17 
197 207 4.33 
698 208 4.50 
199 20 9 4.63 
200 2 10 4.75 
201 2 11 4.82 
202 2 12 4.90 

A B 

Y 

. 
r 

iL  

I 

E- Number 

- 
a 
- 

0 

4 
6 
8 

10 

a 

0 
2 
4 
6 
8 

10 - 

Table 1. Summary Run Schedule 

CON FIGURATION B 

Roll Angle/Run Number 

0" 18'54' 31'59' 62'07' 117'53' 148'01' 161'06' 180' 

97* 103 109 115 12 1 127 133 139 
€48 104 110 116 122 128 134 140 
99 105 111 117 12 3 129 135 141 

100 106 112 118 124 . 130 136 142 
101 107 113 119 12 5 131 137 143 
102 108 114 12 0 12 6 132 138 144 

145 151 157 16 3 169 175 181 187 
146 152 158 164 170 176 182 188 
147 153 159 165 17 1 177 183 189 
148 154 16 0 166 172 178 184 190 
149 155 16 1 16 7 173 179 185 191 
150 156 162 168 174 180 186 192 

4.22 

4 
*Note : Runs 1-96 were cancelled because of tunnel scheduling problems. 

I Mach 1 N o * l  R\T/ft I 1 1 Configuration/Run 
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ORIFICE 
NUMBER A STATIOW 

42 5.635 

5.454 

5.273 

5.15.7 

41 

40 

5.031 

4.9 1 1  

, I 9  

38 

I? 

36 4.79 1 
4.730 
4.669 
1.609 
4.549 
4.488 

0 4.367 
4.306 p \  4.246 

35 

31 
31 

0 
0 '  

4.428 

4: 
50 
19 
18 
27 
16 
15 

-- 
21 
20 .. 
18 
I? 
16 

.e 

14 
... 

11 

1 1  

ID 

0 

8 

1 

U 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4.185 
4.115 
4.052 
3.990 
3.928 
3.865 
3.802 
3.740 
3.677 
3.615 

3.49 1 

3.366 

3.241 
3. I I? 

1.866 

2.6 16 

2.361 

2.116 

1 .a67 

1.611 

1.368 

1.118 

0 368 

0.618 

0.368 

0.188 

-. 

- -  

NOTE: ALL STATION NUMBERS 
IN CALIBERS 

Figure 3. Model Orifice Locations - Configuration A 
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ORIFICE 
NUMBER A 

41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
Joo 
28 I 27 
16 
25 
24 
13 
22 
? I  
10 
19 
18 
17 

' 16 

I5 

14 

13 

I ?  

11 

~ 

9 

8 

7 

6 

5 

4 

3 

? 

1 

STATION 

5.157 
5.073 
4.980 
4.902 
4.146 
4.791 
4.73 I 
4.673 
4.611 

4.4% 

0 
0 4.550 
0 4.439 

0 
0 

1 
U 

0 
0 
0 
0 
0 
0 
0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

4.367 
4.306 
4.245 
4.183 
4.116 
4.053 
3.99 1 
3.928 
3.867 
3.803 
3.74 1 
3.678 
3.6 16 

3.49 1 

3.367 

3.241 

3.117 

2.867 

1.618 

2.368 

2.118 

1.618 

1.368 

1.119 

0.863 

0.619 

0.369 

0.190 

NOTE: ALL STATION NUMBERS 
IN CALl8ERS 

Figure 4. Model Orifice Locations - Configuration B 
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TABULATED PRESSURE COEFFICIENTS 
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